The incidence rate of prolonged air leak (PAL) after lobectomy, defined as any air leak prolonged beyond 7 days, can be estimated to be in between 6 and 15%. In 2011, the Epithor group elaborated an accurate predictive score for PAL after open lung resections, so-called IPAL (index of prolonged air leak), from a nation-based surgical cohort constituted between 2004 and 2008. Since 2008, videoassisted thoracic surgery (VATS) has become popular in France among the thoracic surgical community, reaching almost 14% of lobectomies performed with this method in 2012. This minimally invasive approach was reported as a means to reduce the duration of chest tube drainage. The aim of our study was thus to validate the IPAL scoring system in patients having received VATS anatomical lung resections.
INTRODUCTION
The incidence rate of prolonged air leak (PAL) after lobectomy, defined as any air leak prolonged beyond 7 days, can be estimated in between 6 and 15% [1, 2] . In 2011, the Epithor group elaborated the so-called IPAL (index of prolonged air leaks), a predictive score for PAL from a nation-based cohort of patients operated on between 2004 and 2008 [3] . At that time, despite some pioneering centres having performed video-assisted thoracic surgery (VATS) major lung resections since the early 1990s, VATS lobectomies and segmentectomies represented <1% of all these resections performed annually. From 2008, VATS gained wider acceptance within the thoracic surgical community, so that, in 2012, VATS represented 13% of all anatomical lung resections performed in France. This minimally invasive approach was reported as associated with less PALs than open surgeries because of the routine use of staplers and the adoption of a fissureless technique for performing upper lobectomies. The aim of our study was to investigate whether the IPAL scoring system is still valid in patients having received VATS anatomical lung resections.
PATIENTS AND METHODS

Data collection
Using the French prospective general thoracic surgery database (Epithor), we collected all major anatomical lung resections (lobectomies and segmentectomies) performed by VATS between 2009 and 2012. Epithor was created in 2002 by the French Society of Thoracic and Cardiovascular Surgery. It consists of a computerized database prospectively collecting epidemiological and clinical data related to thoracic surgical procedures. Currently, 114 centres contribute daily to this database that now includes more than 140 000 procedures. The Epithor working process has been described previously [4] [5] [6] . Each individual participating surgeon is identified by a login and a password, and implements the local Epithor database. These data are automatically anonymized when sent to the national database in order to guarantee patients' and surgeons' confidentiality. Collected variables include information about patient's personal characteristics, medical history, surgical procedures and outcomes. The Institutional Review Board of the French Society of Thoracic and Cardiovascular Surgery approved the study (CERC-SFCTCV-2014-1-2-11-55-57-ORBa). Patients' consent was obtained for entry into the database and patients were aware that these data would be used for research purposes.
Data were collected on variables identified as independent risk factors by the first study [3] and on demographic characteristics: age, gender, body mass index (BMI), American Society of Anesthesiologists score, dyspnoea score according to the Medical Research Council, World Health Organization score, number of comorbid diseases, pathology (malignant, benign), type of procedure (segmentectomy and lobectomy), presence of pleural adhesions and location (upper lobe, middle lobe and lower lobe). The use of digital or conventional pleural system devices is not mentioned in our database.
Statistical analysis
The logistic model retained six variables significantly influencing the occurrence of PAL (gender, dyspnoea score, type of lung resection, the location of resection, pleural adhesions and BMI). The formula to calculate the IPAL is the following: gender (F = 0; M = 4)-(BMI-24) + 2 × dyspnoea score + pleural adhesion (no = 0; yes = 4) + pulmonary resection (wedge = 0; lobectomy or segmentectomy = 7; bilobectomy = 11; bulla resection = 2; volume reduction = 14) + location (lower or middle lobe = 0; upper = 4). The risk probability can be calculated owing to the IPAL score and the following formula: 1/{1 + exp [−(−4.213 + 0.1167 × IPAL)]}. A patient who presents an IPAL ≤ 5 has a 5% or less risk of PAL after pulmonary resection (low risk). With 5 < IPAL ≤ 10 the risk of PAL is between 5 and 10% (moderate risk), and with IPAL > 10 the risk of PAL is >10% (high risk). [3] The area under the receiver operating characteristic (ROC) curve estimated the discriminating value of the IPAL score [7] . The slope described the relation between the predicted and observed incidence values of PAL [7] . A well-calibrated model is one that has a slope close to 1 and a constant close to 0.
A slope of <1 indicates that the model coefficients are too large. A constant below zero indicates that the predicted probabilities are systematically too high. Finally, the Hosmer-Lemeshow test was also used to estimate the quality of adequacy between predicted and observed values [8] .
RESULTS
From 2009 to 2012, 31 938 procedures with lung resections were recorded in our national database, and 17 780 lobectomies and segmentectomies were identified. Among them 1411 (7.9%) were performed by a VATS approach versus 16 369 (92.1%) by thoracotomy. In 178 cases data at the time of analysis were missing to calculate the IPAL score and patients were excluded. We finally included 1233 procedures: 1037 (84%) lobectomies and 196 (16%) segmentectomies. The baseline patients' characteristics and PAL for the different variables are reported in Table 1 . In 1099 (89%) cases resection was performed for a malignant lesion. Ninety-six (Fig. 1) . The value of the slope, 1.25 (CI 95%: 0.9-1.58), and the Hosmer-Lemeshow test (χ 2 = 11 P = 0.35) show that probability predicted by the IPAL score has a satisfactory adequacy with probability observed on the sample as presented in Table 3 .
DISCUSSION
PAL is a frequent complication of major anatomical pulmonary resections and can cause prolonged hospitalization, may initiate septic pleural complications and increases overall costs [9] . During the last decade, improvements in surgical techniques, devices and sealants have resulted in a reduction of the incidence of PAL. This problem also exists when using a VATS approach but with a presumed lesser magnitude.
In 2011, a previous study using Epithor as the source of material permitted to elaborate a score of PAL, the so-called IPAL score, within a database of 24 113 patients undergoing pulmonary resections from 2004 to 2008 [3] . This score is used mainly to inform patients more accurately about the expected duration of their in-hospital stay. In the material of this first study, all types of anatomical and non-anatomical resections were mixed. The surgical approach (VATS versus thoracotomy) was analysed and included in the multivariate analysis as a variable with clinical relevance but was not identified as an independent predictor for developing a predictive model. The VATS approach represented 4803 (19.9%) cases but with only 217 VATS anatomical lung resections (0.9%). The growing annual proportion of VATS for performing major lung resections is given in Table 4 . An obvious increase was observed during the study period, mainly since 2009, with 13.75% of major anatomical lung resections performed by VATS during this last year. The recent popularity of this technique was stimulated by the numerous North American large-sized studies [10] [11] [12] [13] with convincing long-term survival results for the treatment of lung cancer reported since 2009 [14, 15] . As a result, the material of the first IPAL study consisted mainly of non-anatomical lung resections, which are well known to be less complicated than PAL. To the best of our knowledge, the present IPAL study is the largest population-based study dealing with PAL following major VATS lung resections.
We observed a 7.7% rate of PAL following VATS major lung resections. This rate is in line with the findings of previous studies with incidence rates ranging from 6 to 15% [1, 2] , even if the definition of PALs differed substantially in those studies (>5 days). The rate is also similar to the one reported in the first IPAL study (6.9%) in the material of which open surgeries and nonanatomical lung resections predominated. This finding does not support the contention that VATS has the potential to provide a significant reduction of chest tube drainage duration [10] [11] [12] . This last hypothesis is supported by the liberal use of staplers with VATS, which remains optional in open surgeries. Moreover, many VATS surgeons promote fissureless techniques, in particular for upper lobectomies. Fissureless techniques have been described [16] [17] [18] and reported as associated with a substantial reduction in the incidence of prolonged air leakage, median tube time and in-hospital stay [13, 19, 20] . Of note, upper lobectomy was identified as a robust risk factor for PAL in the first IPAL study (P = 0.0001). The use of surgical sealants such as glues, patches and sleeves for buttressing the staple line has been reported [21] to reduce PAL. Unfortunately, this information is lacking in the Epithor database, as well as the use of a 'fissureless technique'. There are some limitations in this study. In the Epithor database, surgical approaches were divided until recently in only two procedures: thoracotomy and VATS. For the latter, there is no way to segregate true thoracoscopic procedures from any kind of hybrid procedures including some degree of rib spreading. Moreover, some robotic procedures are now included, even if in a very small proportion, because only less than five French centres perform this type of surgery routinely. Another concern relates to conversion. This information has only been available since 2014. It is likely that, depending on the centre, some converted procedures were classified as open ones, whereas others used an intent-to-treat categorization. Finally, the lack of information about the use of any intraoperative energy devices (i.e. Ligasure or Ultracision) to reduce PAL, as well as the modalities of postoperative chest tube management, prevents definitive conclusions.
To conclude, despite these limitations, the IPAL scoring system seems valid to predict PALs following VATS major lung resections. Thus, it may be used to characterize the surgical population submitted to subgroup analyses in further studies focusing on potential preventing measures.
